49
There exist several prerequisites necessary for establishing an investigated DNA region 50 as a barcode. Among the most important issues, it must simultaneously contain unique identifier, 51 be short enough to be sequenced in one reaction and it should also contain invariant regions for 52 developing primers (e. 66 may be a considerable parameter as it has been suggested to be as rapid as possible to obtain 67 high-quality DNA (e.g., Záveská Drábková, 2014) . Other factors may be associated with 68 material conservation after drying, for example application of fungicides and insecticides.
69
Herbarium material is usually very old. Protocols and guidelines for DNA extraction and 70 sequencing from plant herbarium specimens can be traced back to eighties of the 20th century.
71 However, obtaining DNA sequences from herbarium specimens can be far from routine even in 72 recent years. As the sufficient quality of DNA is essential for the success of the whole molecular 73 study, optimization steps in extraction methods, PCR and sequencing protocols are often needed.
74 Unfortunately, these required modifications may differ in relation to a particular taxonomic 75 group (Hollingsworth et al., 2011). 109 DNA was extracted from at least 0.1 g of dried samples or 1 g of fresh samples. Double-stranded 110 copies of chloroplast rbcL, rpoC1, trnL-trnF, trnL, psbA-trnH, mitochondrial atp1 and nuclear 111 regions were amplified from total DNA using a set of primers described in Table S1 ).
135
136 Evaluation of PCR / sequencing success of barcoding markers 137 Two characteristics for the evaluation of PCR success were used. First, the age of the specimen, 138 that is considered in a broad context. It is including both the time since the plant was collected, 139 and the impact of various preservation techniques against the different type of pests during the 140 time. It means the older specimen usually got more preservation hits potentially destroying 141 DNA. Therefore, we used the simplified term "age of the specimen", that in reality means "time 142 of storage and preservation". Second, the length of the amplicon was evaluated in association 143 with PCR success and age of the specimen. Each region was quantified for PCR amplification 144 success, which is defined as the successful PCR reaction and sequencing (Table 3, Figure S1 ). In 145 order to try predicting PCR success in relation to age of specimens, we specified seven 180 RbcL is specific in our analyses, because we decided to avoid optimization techniques and 181 divided the region in total length around 1,400 bp to eight separate regions with length 199 to 182 1352 bp. In total, after per partes amplification and sequencing, we obtained 736 to 1381 bp for 183 each taxon. Most of the regions were amplified in the first experiment, except for a few cases.
184 Results for each region are shown in Fig. 2 .
The PCR success and number of optimization steps for selected 95 plants included in 216 total evidence phylogenetic analysis is depicted in Fig. 6 .
217
In most of the cases after successful PCR reaction also a bi-directional sequencing was 218 successful except of a few samples for rpoC1 and ITS region. In these cases we obtained 219 unreadable chromatogram, but after adding additives to the PCR reaction, the result was 220 successful.
221
222 Effect of the age of herbarium specimens 223 We tested whether PCR success is affected by the age of the herbarium specimens (range from 0 224 to 144 years). We applied a linear regression analysis ( 243 We analysed all seven regions separately and then combined the data sets in the total evidence 244 matrix (Fig. 6 , separate analyses not shown). Neighbour joining tree of combined data sets was 245 highly dependent on missing data and showed false data distances among a few pairs of taxa 246 where more regions missed.
247
The strict consensus tree (Fig. 6) 296 (2012), we investigate that from all regions used in our study correct sequences were obtained in 297 both herbarium material and freshly collected specimens as well, so most likely greater 298 barcoding primer universality and ease of amplification does not play big role in the Juncaceae.
299
The ancient DNA needs to be more often treated differently from the fresh DNA. The 300 DNA amplification is frequently divided to more than one step with a few different sets of 301 primers (e.g., rbcL twelve primer set; Fig. S1a) , and the optimization of the reaction conditions is 302 also difficult. The separate analysis of short DNA fragments is not problematic by itself, but the 303 short regions usually have not a strong discriminatory power. Thus, we need to amplify usually 304 the whole region step by step. In many cases, PCR optimization should solve the problem 305 satisfactorily, as well. It should be emphasized that quite a lot of fresh samples were also 306 amplified more than once to achieve the successful PCR in our study (Fig. 2, 3 Table 3 ). The best region 331 was psbA-trnH with length ranging from 392 to 706 bp in our study. Moreover, the specimens 332 with the shortest region were amplified usually at the first attempt. However, the length is not the 333 only one important factor. The low template DNA yield from herbarium samples is a limiting 334 factor for a successful amplification of longer fragments as well.
335
The most promising regions are rpoC1, psbA-trnH and trnL primer combinations (Table   336 3). If we compare designing new set of primers to amplify longer region step by step, using 338 successfully amplified in the first experiment (Fig. 3) . , we identified statistically significant negative association for age of the 352 specimens, but for others (rpoC1, trnL-F, trnL and atp1) there was no effect of the age factor 353 confirmed.
354
For future studies, it should be of interest to define in detail why some regions are 355 probably more susceptible to result in worse PCR amplification success rates both in dried and 356 fresh samples. Unfortunately, as above-mentioned, we could not find any convincing effect of 357 the age of the specimen on the PCR amplification success, as the significant detrimental impact 358 of age was found in regions where relatively high success PCR amplification rates were 359 observed, both in fresh and dried samples (e.g., psbA-trnH). On the contrary, the worst 360 performing region atp1 (44.8% versus 48.4% success in herbarium and fresh samples, 361 respectively) did not exhibit any negative impact of age on PCR success.
362
Therefore, based on our findings, the PCR success is more dependent on the locus to be 363 amplified, quality of primers (optimally no mismatch in the sequence) and variability of the 364 region in a particular plant. We can also tentatively suggest that some regions (e.g., psbA-trnH)
365 may be more suitable as potential candidates for barcoding purposes. This is due to their overall 366 better PCR performance despite potential negative effect of the old age in comparison with fresh 367 samples, as observed in our study. More research will be needed to elucidate the impact of Table S1 and available at GenBank.
534
535 Tables   536   537 Table 1 List of herbarium specimens with the year of the collection, DNA extraction and 538 herbarium source (sorted by collection year). Specimens with unknown collection year were not 539 included (nine samples).
540
541 Table 2 Regions and primers used for testing DNA quality through PCR amplification.
542
543 Table 3 Summary of the fragment sizes and PCR success for each primer set of seven regions. Table 2 Regions and primers used for testing DNA quality through PCR amplification. Table 3 Summary of the fragment sizes and PCR success for each primer set of seven regions.
